Electronic nematicity, a unidirectional self-organized state that breaks the rotational symmetry of the underlying lattice 1,2 , has been observed in the iron pnictide [3] [4] [5] [6] [7] and copper oxide [8] [9] [10] [11] hightemperature superconductors. Whether nematicity plays an equally important role in these two systems is highly controversial. In iron pnictides, the nematicity has usually been associated with the tetragonal-to-orthorhombic structural transition at temperature T s . Although recent experiments [3] [4] [5] [6] [7] have provided hints of nematicity, they were performed either in the low-temperature orthorhombic phase 3, 5 or in the tetragonal phase under uniaxial strain 4, 6, 7 , both of which break the 906 rotational C 4 symmetry. Therefore, the question remains open whether the nematicity can exist above T s without an external driving force. Here we report magnetic torque measurements of the isovalent-doping system BaFe 2 (As 12x P x ) 2 , showing that the nematicity develops well above T s and, moreover, persists to the non-magnetic superconducting regime, resulting in a phase diagram similar to the pseudogap phase diagram of the copper oxides 8, 12 . By combining these results with synchrotron X-ray measurements, we identify two distinct temperatures-one at T*, signifying a true nematic transition, and the other at T s (,T*), which we show not to be a true phase transition, but rather what we refer to as a 'meta-nematic transition', in analogy to the well-known meta-magnetic transition in the theory of magnetism.
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Magnetic torque measurements provide a stringent test of nematicity for systems with tetragonal symmetry 13 . The torque t 5 m 0 VM 3 H is a thermodynamic quantity, a differential of the free energy with respect to angular displacement. Here m 0 is the permeability of vacuum, V is the sample volume, and M is the magnetization induced in the magnetic field H. When H is rotated within the tetragonal a-b plane (Fig. 1a, b) , t is a periodic function of 2w, where w is the azimuthal angle measured from the a axis:
where the susceptibility tensor x ij is defined by M i 5 S j x ij H j . In a system maintaining tetragonal symmetry, t 2w should be zero, because x aa 5 x bb and x ab 5 0. Finite values of t 2w appear if a new electronic or magnetic state emerges that breaks the C 4 tetragonal symmetry. In such a case, rotational symmetry breaking is revealed by x aa ? x bb and/or x ab ? 0, depending on the direction of the nematicity. BaFe 2 (As 1-x P x ) 2 is a prototypical family of iron pnictides [14] [15] [16] [17] [18] , whose phase diagram is displayed in Fig. 1c . The temperature evolution of the torque t(w) for the optimally doped compound (x 5 0.33) is depicted in the upper panels of Fig. 1d . The two-and four-fold oscillations, t 2w and t 4w , obtained from the Fourier analysis are shown respectively in the middle and lower panels of Fig. 1d . The distinct two-fold oscillations appear at low temperatures, whereas they are absent at high temperatures A single-crystalline sample (brown block) is mounted on the piezo-resistive lever which is attached to the base (blue block) and forms an electrical bridge circuit (orange lines) with the neighbouring reference lever. A magnetic field H can be rotated relative to the sample, as illustrated by a blue arrow on a sphere. In this experiment, the field is precisely applied in the a-b plane. c, Phase diagram of BaFe 2 (As 1-x P x ) 2 . This system is clean and homogeneous 14, 16, 17 , as demonstrated by the quantum oscillations observed over a wide x range 16 . The antiferromagnetic transition at T N (filled circles) 15 coincides or is preceded by the structural transition at T s (open triangles) 18 . The superconducting dome extends over a doping range 0.2 , x , 0.7 (open squares), with maximum T c 5 31 K. Crosses indicate the nematic transition temperature T* determined by the torque and synchrotron X-ray diffraction measurements. The insets illustrate the tetragonal FeAs/P layer. x ab 5 0 above T* yielding an isotropic torque signal (green-shaded circle), whereas x ab ? 0 below T*, indicating the appearance of the nematicity along the [110] T (Fe-Fe bond) direction, illustrated with the green-shaded ellipse. d, The upper panels depict the temperature evolution of the raw torque t(w) at m 0 H 5 4 T for BaFe 2 (As 0.67 P 0.33 ) 2 (T c 5 30 K). All torque curves are reversible with respect to the field rotation. t(w) can be decomposed as t (w) 5 t 2w 1 t 4w 1 t 6w 1 ???, where t 2nw 5 A 2nw sin 2n(w 2 w 0 ) has 2n-fold symmetry with integer n. The middle and lower panels display the two-and four-fold components obtained from Fourier analysis. The four-fold oscillations t 4w (and higher-order terms) arise primarily from the nonlinear susceptibilities 13 . a.u., arbitrary units.
(middle panels of Fig. 1d ). As shown in the upper panel of Fig. 2a , the amplitude of the two-fold oscillation jA 2w j is nearly zero at high temperatures, and grows rapidly below T* < 85 K. These results clearly indicate that the tetragonal C 4 symmetry, which is preserved at high temperatures, is broken below T*, demonstrating the formation of the electronic nematic phase at T*. The two-fold oscillations below T* follow the functional form t 2w 5 A 2w cos2w, meaning that x aa 5 x bb and x ab ? 0, which indicates the nematicity along the tetragonal [110] direction, that is, the Fe-Fe bond direction (Fig. 1c, inset) . Anomalies at T* can also be seen in the synchrotron X-ray diffraction measurements (middle panel of Fig. 2a) , in which the full-width at half-maximum (FWHM) of the high-order Bragg peaks at T , T* (Fig. 2a, red circles) grows more quickly as temperature is reduced than does the linear extrapolation from above T*, and is accompanied by the suppression of the peak intensity (green circles). This indicates a broadening (or small splitting) of the Bragg peak below T*, implying domain formation due to the nematicity which, to some extent, couples to the orthorhombic lattice distortion (as discussed later).
Figure 2b-e shows the results for the lower-concentration samples (x 5 0.27, 0.23, 0.14, 0) exhibiting both the tetragonal-to-orthorhombic and magnetic transitions. In these crystals, jA 2w j is finite even at 200 K (grey circles in upper panels), and initially increases with decreasing temperature, exhibiting a cusp-like peak at T*. We attribute T* to the electronic nematic transition temperature for the following reasons. Similarly to the optimally doped compound, the X-ray FWHM and intensity change their slope at T* (middle panels in Fig. 2b-e) . Moreover, the two-fold term in these compounds can be clearly separated into two components (see Supplementary Information) (T) appears below T* (blue circles in upper panels); this behaviour is well reproduced for different crystals of the same composition ( Fig. 2b and Supplementary Fig. 3 ). The origin of the non-zero two-fold signal at temperatures above T* is not clear, but the sample-dependent phase w ext points to the possibility of impurity-induced in-plane magnetic anisotropy 19 . In contrast to previous experiments, the present measurements have been performed in the absence of uniaxial stress, providing thermodynamic evidence for the electronic nematic transition at T*, well above the structural lattice transition temperature T s . The continuous doping dependence of T*(x) displayed in Fig. 1c indicates that nematicity persists over a wide range of doping, covering the non-magnetic superconducting regime.
Clearly, there cannot be two nematic phase transitions at both T s and T*, because the C 4 rotational symmetry can only be broken once. Our measurements show that the temperature T* (.T s ) marks the onset of the true phase transition, accompanied by the nematic twofold torque component A 2w ? 0. This raises the question as to what happens at the structural transition temperature, T s . This question can be answered straightforwardly if one considers the Landau free energy expansion in terms of two order parameters, the orthorhombic lattice distortion d~(a{b)=(azb) and the phenomenological electronic nematic parameter y (proportional to the measured torque amplitude A 2w ), which can be written as follows:
with the terms in the first set of square brackets on the right-hand side describing the first-order structural phase transition and the second bracket responsible for the (second-order) nematic phase transition. Supplementary Fig. 4 ), implying that the nematic anisotropy prevails in the zero-field limit, which is consistent with the X-ray results taken at zero field.
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Here u, v and w are phenomenological Landau coefficients describing these transitions, and g is the coupling strength between the two order parameters. The temperature-dependent coefficients
were chosen such that in the absence of the coupling between the two order parameters, the structural transition occurs at lower temperature T
Thanks to the linear coupling between the two order parameters, as expressed in the last term in equation (2), both y and d develop nonzero values below the nematic transition temperature T* (Fig. 3a, b) .
On the other hand, T s ceases to be a true phase transition, since the C 4 symmetry is already broken on either side of T s , and the lattice distortion d is non-zero over the entire temperature range (Fig. 3a) . Instead, both d and y undergo a finite jump at T s , as illustrated in Fig. 3 . We call this a 'meta-nematic transition', in analogy to the meta-magnetic transition in the theory of magnetism, where the magnetization undergoes a jump as a function of temperature or applied magnetic field, but remains non-zero on both sides of the transition. The analysis of the free energy below T* shows that it exhibits a maximum at y 5 0 and a single minimum at finite y, as in the second-order Landau phase transition ( Supplementary Fig. 6 ).
To quantify the lattice distortion d experimentally, we have analysed the X-ray data using a two-peak fitting procedure ( Supplementary Fig. 5 ), which reveals that the data in the region T s , T , T* can be fitted with very small but finite d. The results, d(T), can be well reproduced within the framework of equation (2), as Fig. 3a demonstrates. Moreover, the same set of Landau parameters also fits the temperature dependence of the nematic order parameter y / A 2w well, except below the Néel temperature T N , where additional effects of antiferromagnetism may enter the magnetic torque anisotropy (Fig. 3b) . We have thus established that the true thermodynamic transition occurs at T 5 T*, and is accompanied by the development of non-zero values of both the nematic order parameter y and the lattice distortion d. We note that similarly small but non-zero values of d have been recently reported 20 in the powder diffraction measurements of SmFeAs (O 12x F x ) .
Under applied uniaxial strain, the lattice distortion d is expected to develop a non-zero value even above the tetragonal-to-orthorhombic structural transition temperature, and by virtue of linear coupling to the nematic order parameter in equation (2) , this will lead to an increase in the value of the electronic anisotropy y. This reasoning is consistent with the observation of resistivity anisotropy in the detwinned samples above the structural transition 6, 7 . We note that the above explanation in terms of coupling between the electronic and lattice degrees of freedom is very generic, and does not depend on the precise microscopic nature of the nematic order parameter y, be it caused by Z 2 spin-nematic ordering [21] [22] [23] [24] , or by orbital ordering [25] [26] [27] [28] [29] . In fact, both mechanisms can cooperate to break the C 4 symmetry spontaneously. In the spin-nematic scenario, the instability is driven by thermal spin fluctuations above the antiferromagnetically ordered phase 24 , potentially applicable to the x = 0.30 regime in BaFe 2 (As 12x P x ) 2 (ref. 15 ). In the absence of long-range magnetic ordering (x . 0.30), quantum spin fluctuations can in principle still drive the instability; however, the fact that the nematic transition at T* occurs even for superconducting samples far away from the antiferromagnetic phase (see Fig. 1c) indicates that a different mechanism may be at play. In particular, orbital ordering may turn out to be more important, where the electronic nematic transition naturally occurs as a result of orbital polarization between the Fe d xz and d yz orbitals 29 , y / (n xz 2 n yz ), where n xz (n yz ) denotes the occupation of the iron d xz (d yz ) orbital. This mechanism of nematicity is supported by the recent angle-resolved photoemission spectroscopy (ARPES) 4 and quadrupolar resonance measurements 30 .
There is a growing body of evidence that entanglement of the spin and orbital degrees of freedom leads to emergent novel electronic phases in the iron pnictides. The present temperature-doping phase diagram bears a resemblance to that of the high-transition-temperature (high-T c ) copper oxides, in that the suppression of the antiferromagnetic ground state leads to the emergence of high-T c superconductivity, and the electronic nematic instability occurs well above the magnetic and superconducting transitions. Recent infrared studies of charge dynamics report the formation of a pseudogap in the excitation spectrum of optimally doped BaFe 2 (As 12x P x ) 2 below ,100 K (S. J. Moon et al., unpublished results). Further studies are therefore needed to clarify how the nematic transition we report here is related to the pseudogap formation in the iron pnictides. 
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